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Abstract - Alligator mississippiensis (American Alligators) demonstrated low hatch-
rate success and increased adult mortality on Lake Griffin, FL, between 1998 and
2003. Dying Lake Griffin alligators with symptoms of poor motor coordination were
reported to show specific neurological impairment and brain lesions. Similar lesions
were documented in salmonines that consumed clupeids with high thiaminase levels.
Therefore, we investigated the diet of Lake Griffin alligators and compared it with
alligator diets from two lakes that exhibited relatively low levels of unexplained
alligator mortality to see if consumption of  Dorosoma cepedianum (gizzard shad)
could be correlated with patterns of mortality. Shad in both lakes Griffin and Apopka
had high levels of thiaminase and Lake Apopka alligators were consuming greater
amounts of shad relative to Lake Griffin without showing mortality rates similar to
Lake Griffin alligators. Therefore, a relationship between shad consumption alone
and alligator mortality is not supported.
Introduction
Alligator mississippiensis Daudin (American Alligators) have been af-
fected by unknown factors on Lake Griffin, FL, causing low hatch-rate
success and adult mortality (Ross et al. 2003, Schoeb et al. 2002). Alligator
egg hatch-rate success dropped to 10% between 1994 and 1997 (A.R. Wood-
ward, unpubl. data). Between November 1998 and December 2003, re-
searchers recorded 439 dead alligators on Lake Griffin, of which approxi-
mately 98% were adults (D.A. Carbonneau, unpubl. data, (Fig. 1). Most
alligator deaths occurred in spring, and over 100 individuals died that season
in some years; however, alligator deaths were recorded all months of the
year during bi-weekly surveys.
Between 1998 and 2003, we observed Lake Griffin alligators that were
lethargic, unresponsive to human approach, and had uncoordinated
behavior. Subsequently, these alligators may have died of drowning.
Pathology examinations have shown that these Lake Griffin alligators were
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affected by severe neurological impairment of unknown causes (Schoeb et
al. 2002). These included reduced nerve conduction velocity, degeneration
of nerves and characteristic lesions of the torus semicircularis in the mid-
brain. Organochlorine and organophosphate pesticides, heavy metals, West
Nile virus, botulism, and infectious diseases were all investigated and
rejected as being associated with this mortality event (Ross et al. 2002).
Similar legions and patterns of hatchling mortality and adult impairment as
observed in Lake Griffin alligators have been seen in Great Lake
salmonines that resulted from thiamin deficiency (Honeyfield et al. 2005).
Because of this similarity in pathology, thiamin levels of Lake Griffin
alligators were analyzed in 1999 and 2000. Thiamin levels in Lake
Woodruff alligators also were analyzed as a reference representing
unimpaired alligators. Lake Griffin alligators had lower thiamin levels than
Lake Woodruff alligators and seriously impaired Lake Griffin alligators
had lower thiamin levels than less seriously impaired specimens (Ross et
al. 2002).
The cause of neurological impairment in salmonines was the abundance
of prey rich in thiaminase, including Alosa psuedoharengus Wilson (Ale-
wife), Osmerus mordax Mitchill (Rainbow Smelt), and Clupea harengus
membras Linnaeus (Baltic Herring), which are all filter feeders (Tillitt et al.
2005). American Alligators are known to prey on fish throughout their range
in Florida (Delany and Abercrombie 1986; Delany et al. 1988, 1999; Rice
2004). Dorosoma cepedianum Lesueur (Gizzard Shad), an abundant clupeid
filter feeder, was available to alligators in many central Florida lakes.
Because Lake Griffin alligators showed similar symptoms to salmonines—
low tissue thiamin levels, reproductive failure, adult neural impairment, and
Figure 1. Annual alligator mortality in Lake Griffin, FL during 1998–2003, based on
biweekly surveys.
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brain lesions (Honeyfield et al. 2005, Schoeb et al. 2002)—and had access to
similar prey fish types, we investigated alligator diets in Lake Griffin and
nearby Lakes Apopka and Woodruff, where alligators did not demonstrate
these characteristics. We hypothesized that elevated alligator mortality on
Lake Griffin was due to a diet high in D. cepedianum with high levels of
thiaminase causing a depressed level of thiamin in alligators.
Body condition analyses investigate an animal’s energy store compared
to its body size and are affected by abiotic and biotic components in their
habitat (Green 2001). Delany et al. (1999) found differences in alligator
condition among lakes in Florida and found that a high condition correlated
with a fish-dominated diet. Because condition analyses indicate health of a
population (Sutton et al. 2000) and it is unknown if thiamin deficiency
affects alligator condition, we examined Lake Griffin alligator condition and
compared it to alligator condition from Lakes Apopka and Woodruff.
Study Site
The study was conducted in Lake Griffin (Lake County—28º50'N,
81º51'W), Lake Apopka (Lake and Orange counties—28º37’N, 81º37'W),
and Lake Woodruff National Wildlife Refuge (Volusia County—29º06'N,
81º25'W). Neither Lake Apopka nor Lake Woodruff were having unusual
adult alligator mortality events and were chosen as comparative study lakes
because of their lake characteristics. Lake Apopka has similar lake charac-
teristics to Lake Griffin, and Lake Woodruff is a cleaner, more pristine lake
for comparison. Lakes Griffin and Apopka are hypereutrophic, alkaline,
polymictic, shallow water bodies and are a part of the Ocklawaha chain of
lakes (Rice 2004). Throughout much of the early 1900s, both lakes were
clear, macrophyte-dominated lakes; however, in the mid-1900s, both lakes
dramatically changed due to water-level controls, diking and draining asso-
ciated marshes, urban runoff, sewage, and agricultural effluents, resulting in
eutrophication (Canfield et al. 2000, Woodward et al. 1993) as well as
pesticide pollution (Heinz et al. 1991). Since the late 1990s, both lakes
experienced restoration efforts to improve water quality. These efforts in-
cluded planting native vegetation, fish removal to reduce phosphorus levels,
restoration of marsh on surrounding muck farms, and implementation of a
marsh flow-way system to filter the water (Fernald and Purdum 1998). Lake
Woodruff National Wildlife Refuge, along the St. Johns River, is a macro-
phyte-dominated, eutrophic, alkaline lake (Rice 2004). Lake Woodruff has
experienced little agriculture and urban development, and its alligator popu-
lation had consistently high hatching rates (A.R. Woodward, unpubl. data)
and low levels of adult mortality.
Methods
During 2001–2003, we captured adult alligators by capture dart and
snare from airboats between 2000 and 0400 hours. Each alligator was
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marked with two Monel self-piercing tags (National Band and Tag Co.,
Newport, KY), sexed by manual palpation, and weighed to the nearest 2 kg
using a spring scale. Standard measurements including total length (TL),
snout vent length (SVL), tail girth (TG), and head length (HL) were taken
with a flexible tape to the nearest 0.1 cm.
Stomach contents were obtained predominantly from live adult alligators
within 3 hours of capture using the stomach pumping “hose-Heimlich”
technique described by Fitzgerald (1989) and modified by Rice et al. (2005).
This technique reliably recovered most of the stomach content and allowed
subsequent release of the alligator unharmed. Additional stomach samples
were obtained during necropsy of alligators by other researchers.
Stomach-content samples were washed with water through a 0.5-mm
nylon mesh strainer, preserved in 70% ethanol, and stored in the laboratory.
Samples were sorted by prey group (fish, reptiles, mammals, birds, amphib-
ians, gastropods, insects, crustaceans, or bivalves) and non-prey items. Prey
items were then identified to the lowest possible taxa and minimum numbers
of individuals by comparing to reference specimens and skeletons in the
collection of the Florida Museum of Natural History (FLMNH).
All prey items were categorized as either freshly ingested (fresh) or not
freshly ingested (old) to avoid over-representation of indigestible prey. Alli-
gators are unable to digest chitin and keratin (Garnett 1985, Magnusson et al.
1987) and persistent animal parts such as hair, feathers, scutes, and snail
opercula may be overrepresented and bias quantitative estimates of prey
intake. Guidelines were established based on available literature to categorize
each prey item as either fresh or old (Barr 1994, 1997; Delany and
Abercrombie 1986; Janes and Gutzke 2002). The time range for prey to be
categorized as fresh varied with each prey taxa, but ranged between 24 and 72
hours (Rice 2004). Only freshly ingested material was considered in this
analysis. Live mass of fresh prey was estimated by allometric scaling (Brown
and West 2000, Casteel 1974, Reitz et al. 1987), field data, and available
published weight data for different groups (Burt and Grossenheider 1980,
Dunning 1993, Hoyer and Canfield 1994). Fresh invertebrates (except for
Gastropods) were weighed to the nearest 0.01 g.
Frequency of occurrence (percent of stomach samples containing a given
prey type) and percent composition by live mass (percent of the diet each
prey group or taxa represents based on estimated live-prey mass) were used
to quantitatively analyze the fresh-diet data. The Kruskal-Wallis analysis of
variance rank test was used to compare mean fish proportion in alligator
diets among lakes, and when significant differences were found, the lakes
were compared pair-wise using the Mann-Whitney U test.
Fulton’s condition factor (K = W/L3 * 10n, where W = mass of the
alligator in kg, L = SVL in cm, and n = 5), was used to determine each
alligators condition (Zweig 2003). Condition data were analyzed using a
general linear model with the least significant difference (LSD) post-hoc
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test. Values for both diet and condition data were expressed as the mean ±
one standard error unless otherwise indicated. All statistical analyses were
performed using SPSS software (SPSS 2000). Both diet and condition statis-
tical tests used an alpha of 0.10, with the null hypothesis of no differences.
All analyses were performed on samples combined for all three years
and then compared among the three lakes. However, Lake Griffin
samples were quantitatively analyzed each year to compare the shad con-
sumption year to year. Impaired Lake Griffin alligators were sampled
along with normal Lake Griffin alligators during 2001. These samples
were analyzed in the same manner as the other samples; however, these
analyses were kept separate from normal Lake Griffin samples. No statis-
tical analyses were performed on these samples due to small sample size.
Results and discussion pertain to samples from normal (unimpaired) alli-
gators among the lakes, unless indicated by stating that they were
samples from impaired alligators.
Results
Stomach contents from 175 normal American Alligators ranging in size
from 182 cm to 304 cm TL were collected from alligators captured at Lakes
Griffin (n = 85), Apopka (n = 44), and Woodruff (n = 46) from March to
October 2001, from April to October 2002, and from April to August 2003.
Stomach contents from an additional 13 alligators were collected from
impaired Lake Griffin alligators post-mortem during 2001 (Schoeb et al.
2002). The alligators ate a wide variety of vertebrate and invertebrate prey.
Fish were the most important prey group in frequency of occurrence and
percent composition by live mass for all lakes. Alligators from Lake Apopka
had the highest occurrence of fresh fish (64%), followed by Lake Woodruff
(57%) and Lake Griffin (44%) (Table 1). Fish made up an overwhelming
percentage of the mass of alligator stomach samples from Lakes Apopka
(90% of the diet) and Woodruff (80% of the diet). Total fish biomass for
Lake Griffin alligators was 54% of the diet (Appendix 1). While fish were
the predominant prey in all lakes, species composition and number of fish
Table 1. Percent occurrence of fresh prey in alligator stomachs collected from Lakes Apopka,
Griffin, and Woodruff, FL during 2001–2003.
Griffin (n = 85) Apopka (n = 44) Woodruff (n = 46)
% occurrence % occurrence % occurrence
Fish 44 64 57
Reptile 14 7 2
Mammal 2 5 2
Bird 5 2 0
Amphibian 6 0 4
Gastropod 28 9 41
Bivalve 4 0 4
Crustacean 9 11 15
Insect 8 9  13
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consumed varied among lakes. Catfish (Ictaluridae) were most commonly
consumed in Lake Griffin, shad (Clupeidae) in Lake Apopka, and sunfish
and bass (Centrarchidae) in Lake Woodruff (Appendix 1).
Proportion of fish (by estimated fresh biomass) in individual alligator
stomachs ranged from 0 to 100%. Lake Apopka alligators had the highest
mean proportion of fish in their diet (mean = 79.9% ± 6.76), followed by
Lake Woodruff (mean = 59.4% ± 7.5) and Lake Griffin (mean = 48.5% ±
6.05) (Fig. 2). Proportion of fish in alligator stomachs differed among lake
(P = 0.006), and proportion of fish in alligator stomachs from Lake Apopka
was greater than those from Lakes Griffin (P = 0.002) and Woodruff (P =
0.018). Proportions of fish in Lakes Griffin and Woodruff alligator stomachs
were not significantly different (P = 0.403).
The predominant prey group consumed by Lake Griffin alligators each
year was fish, ranging from 43–68% of the diet (Table 2). Fresh shad (D.
cepedianum and Dorosoma spp.) represented 38% of the diet of samples
from Lake Griffin in 2001, making Clupideidae he predominant family of
fish consumed that year. However, no shad were identified in any 2002
samples, and a single old shad was identified in one sample in 2003 (Table 2)
(and catfish (Ictaluridae) were the predominant family of fish consumed by
Lake Griffin alligators that year (Table 3).)
Other vertebrate prey groups (reptiles, mammals, birds, and amphibians)
and invertebrates were found less frequently in alligator stomachs in all the
lakes (Table 1), and reptiles were the most commonly consumed vertebrate
prey after fish. Turtles were the most common reptiles consumed by the
alligators, but alligators also consumed aquatic snakes, and we saw evidence
(FWC marking tags) of alligator remains in stomachs (Rice 2004). We
Figure 2. Mean fish proportion (± SE) in alligator stomach contents among Lakes
Griffin, Apopka, and Woodruff during 2001–2003.
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observed no evidence of fresh alligators in stomachs. Alligator eggshells
were found in 2 Lake Griffin alligator samples (one female and one male
alligator) and in one sample from a female alligator on Lake Woodruff.
Alligator-condition scores (K) for all Lake Griffin alligators ranged from
1.63 to 3.70 (mean = 2.66 ± 0.045), while K for all Lake Apopka alligators
ranged from 2.15 to 4.13 (mean = 2.99 ± 0.059), and the K for all Lake
Woodruff alligators ranged from 1.86 to 3.08 (mean = 2.48 ± 0.041) (Fig. 3).
The condition of alligators differed among lakes (P < 0.001).
Impaired alligator samples
Thirteen stomach samples from impaired alligators were collected from
Lake Griffin during 2001 and they exhibited some similarities and some
differences to normal Lake Griffin alligator diets. Eight of the 13 samples
contained only old prey, and most (6) were almost completely empty. The
proportion of stomach samples containing old prey (62%) was higher than that
of normal Lake Griffin samples (26%) (Rice 2004). Fresh prey identified in
these samples included fish, reptiles, and invertebrates, similar to samples
from normal alligators. Two of the 5 samples containing fresh prey contained
multiple specimens of D. cepedianum, and 7 of the 8 samples containing old
prey contained prey remains that could not be identified beyond fish.
Table 2. Lake Griffin alligator stomach content samples by year showing the proportion of fish
consumed and the proportion of shad in alligator diets during 2001–2003. Note that 8 out of 10
shad in 2001 were identified as D. cepedianum, and that the one shad found in all the 2003
samples was not considered fresh, and therefore no biomass estimations were made.
Total
# Total fish % Fish % Shad
Year samples biomass (g) biomass (g) biomass  # Shad biomass
2001 24 12,312.4 7875.2 64 10 38
2002 42 18,568.4 7998.1 43 0 0
2003 19 6566.7 4436.2 68 1 0
All years 85 37,447.5 20,309.5 54 11 12
Table 3. Lake Griffin alligator fish consumption by year and family, including minimum
number of individuals (MNI) identified and estimated mass in grams of fresh fish consumed
during 2001–2003.
2001 2002 2003
MNI Mass (g) MNI Mass (g) MNI Mass (g)
Total fish 22 7875 24 7998 9 4436
Ictaluridae 6 2044 13 4620 5 2389
Clupeidae 10 4618 0 0 0 0
Lepisosteidae 2 1003 2 2075 2 1411
Centrarchidae 1 150 4 183.1 1 635
Poeciliidae 2 0.2 1 0.4 0 0
Cyprinodontidae 0 0 2 8.6 1 1.2
Cichlidae 0 0 1 700 0 0
Amiidae 0 0 1 411 0 0
Unidentified fish 1 60 0 0 0 0
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Discussion
This study confirmed previous studies indicating alligators are opportu-
nistic carnivores that consume a variety of prey (Chabreck 1972, Delany and
Abercrombie 1986). Fish were the dominant prey group for alligators in all
three lakes in this study; however, the species of fish consumed differed
among lakes. This may be due more to habitat differences that support a
different composition of fish species rather than dietary preference.
Our hypothesis that alligator mortality on Lake Griffin was due solely to
a diet high in D. cepedianum with high levels of thiaminase causing de-
pressed levels of thiamin in alligators was not supported by this study. Lake
Griffin alligators did have depressed thiamin levels and were consuming a
large proportion of shad that had high levels of thiaminase in 2001 (Ross et
al. 2003). The drop in morality at Lake Griffin coincidental with the shift in
diet away from shad to catfish (Ichtaluridae) does support the hypothesis,
but Lake Apooka data does not support it. In addition, Lake Apopka alliga-
tors consistently ate large quantities of shad, also containing high levels of
thiaminase (Ross et al. 2003), throughout the study, but there was no unusual
adult mortality occurring on Lake Apopka.
The drop in consumption of shad in Lake Griffin alligator diets after 2001
was most likely due to shad removal by the St. Johns River Water Management
District (SJRWMD). Just prior to Spring 2002 alligator sampling, almost
500,000 kg of D. cepedianum and an estimated 12,000 kg of Lepisosteus spp.
(Gar) were removed from Lake Griffin as part of lake restoration and manage-
ment efforts to reduce phosphorus levels (Walt Godwin, St. Johns River Water
Figure 3. Mean condition (± SE) of alligators from Lakes Griffin, Apopka, and
Woodruff during 2001–2003.
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Management District, Palatka, FL. unpubl. data). Shad removal likely altered
fish populations and certainly changed size distributions of shad in the lake and
thus,their availability to alligators. Shad netting efforts ceased in February
2003 due to absence of large shad in the catch.
Alligator mortality on Lake Griffin was unusually high compared to
other Florida lakes from 1999 through 2001 (Fig. 1—note that this figure
includes only Lake Griffin data); however, by 2003, the number of alligators
dying was not very different from typical mortality levels (D.A.
Carbonneau, pers. comm.). Several factors in and around Lake Griffin oc-
curred in 2002 that could have affected this decrease in alligator mortality:
water levels rose sharply in early 2002 after heavy winter rains in 2001, the
marsh flow-way restoration system was reactivated, large quantities of shad
and gar were removed, and water quality improved as indicated by reduced
chlorophyll levels (Rice 2004). Whether alligator mortality was linked to
these events is uncertain. However, a significant change in the species
composition in alligator diets coincided with these events.
Alligator condition can be affected by diet, prey density, alligator den-
sity, habitat, ambient temperatures, or other factors (Delany et al. 1999,
Taylor 1979, Zweig 2003). Alligator condition in this study was different
among lakes, and Lake Griffin alligator condition ranged between the condi-
tion of alligator on Lakes Apopka and Woodruff and appeared to be a
healthy size. Insufficient measurements were taken during 2001 to compare
the condition of impaired and normal alligators from Lake Griffin. However,
impaired Lake Griffin alligators did not appear to be thinner or have a lower
condition than normal Lake Griffin alligators.
Thiamin deficiency in crocodilian farms has occurred; however, little has
been mentioned on how or if this deficiency affects body condition.
Huchzermeyer (2003) described thiamin deficiency in crocodilians, but does
not mention if body condition was affected. Jubb (1992) reported on thiamine
deficiency in hatchling Crocodylus porosus Schneider (Saltwater Crocodile)
and mentioned that hatchlings affected by thiamine deficiency were the
largest in their clutch group. We did not see evidence of poor body condition
in impaired or normal Lake Griffin alligators, and it may be that this defi-
ciency caused a rapid onset of impairments that did not affect their condition.
Lake Griffin alligators did have depressed thiamin levels and did consume
D. cepedianum with high levels of thiaminase; however the combination of
Lake Griffin alligators consuming less shad, the shad removal, and improving
water quality all may have contributed to the number of impaired and dead
Lake Griffin alligators observed and recorded by researchers decreasing after
2001. In addition, shad in Lake Apopka also had high levels of thiaminase
(Ross et al. 2003), and Lake Apopka alligators were consuming greater
amounts of D. cepedianum relative to Lake Griffin without showing mortality
rates similar to Lake Griffin alligators (Appendix 1). An unknown factor that
we did not detect in Lake Griffin may have contributed to the alligator
mortality, and this unknown factor was not affecting Lake Apopka and
therefore did not affect the alligators there. As of 2004, alligator mortality on
Lake Griffin has returned to levels observed prior to the mortality event.
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